Abstract The extreme ultraviolet portion of the solar spectrum contains a wealth of diagnostic tools for probing the lower solar atmosphere in response to an injection of energy, particularly during the impulsive phase of solar flares. These include temperature and density sensitive line ratios, Doppler shifted emission lines and nonthermal broadening, abundance measurements, differential emission measure profiles, and continuum temperatures and energetics, among others. In this paper I shall review some of the advances made in recent years using these techniques, focusing primarily on studies that have utilized data from Hinode/EIS and SDO/EVE, while also providing some historical background and a summary of future spectroscopic instrumentation.
Introduction
The spectroscopy of extreme ultra-violet (EUV) emission is a crucial diagnostic tool for determining the composition and dynamics of the flaring solar atmosphere in response to an injection of energy. It is well known that the chromosphere 1 is the dominant source of radiated energy during a solar flare (Neidig 1989 , Hudson et al. 1992 , Hudson, Wolfson, and Metcalf 2006 , Kretzschmar et al. 2010 , Kretzschmar 2011 , Woods et al. 2004 , Woods, Kopp, and Chamberlin 2006 , as well as being the origin of material that is ultimately observed in the corona through the process of chromospheric evaporation (Neupert 1968) . But how the energy initially stored in the coronal magnetic field gets transported to the chromosphere, where it drives increased emission across a range of wavelengths, remains poorly understood. It is commonly assumed that the delivery mechanism is a 'beam' of accelerated (nonthermal) electrons since enhanced chromospheric (and occasionally photospheric) emission is temporally and/or spatially correlated with hard X-ray (HXR) emission due to thick-target bremsstrahlung, although other processes such as conduction fronts, ion beams, Alfvén waves, return currents, etc., may also play a role. While imaging instruments provide important context information of the morphology and structure of solar features, the images themselves are usually broadband, comprising several different ion species that can bias the interpretation of the observations. Spectroscopy offers the advantage of providing quantifiable measurements of parameters such as temperature, density, and velocity that can then be compared with predictions from theoretical models.
The EUV portion of the solar spectrum spans the 100-1200Å wavelength range (Tobiska and Bouwer 2006) , although some in the aeronomy discipline use 300Å as the lower limit due to instrumental factors (Woods et al. 2005) , while others also include the prominent Lyα line at 1216Å (Lilensten et al. 2008) , the strongest line in the solar spectrum. For a recent review of many of the Lyα flare observations to date, see Kretzschmar, Dominique, and Dammasch (2013) . The most prominent chromospheric features in the EUV range are the free-bound continua of H I, and He I and He II, with recombination edges at 912Å, 504Å, and 228Å, respectively, as well as the resonance line of He II at 304Å. During large flares coronal free-free emission can also encroach into the EUV spectral range (Milligan et al. 2012a, Milligan and McElroy 2013) . However, the EUV range also contains myriad emission lines with intrinsic formation temperatures from 10 4 K, which are characteristically chromospheric, up to a few times 10 7 K that are only found during flares or in the cores of large active regions. It is when this inherently coronal emission of perhaps a few megaKelvin is observed to be spatially and/or temporally correlated with enhanced chromospheric emission that we are witnessing the direct manifestation of flare heating. Analysis of these lines therefore gives us access to the heated plasma. Energetically speaking, even the strongest chromospheric EUV features contain, at most, a few per cent of a flare's total energy Donnelly 1978, Milligan et al. 2012a; , however the diagnostic information contained therein is invaluable for quantifying changes in the plasma parameters in response to injected energy.
The EUV component of radiated emission is also known to be a major energy input into the Earth's upper atmosphere and the geospace environment, heating the thermosphere and generating the ionosphere (Lean, Picone, and Emmert 2009, Qian, Solomon, and Mlynczak 2010) . In particular, He II 304Å photons are the most important energy contributor to overall heating in the thermosphere at all levels of solar activity, while chromospheric Lyα emission (along with soft Xrays; SXR) generates the D-layer of the ionosphere (80-100 km; Tobiska et al. 2000) . The bulk of the Sun's EUV emission, however, gets absorbed by the F-layer (>150 km), while the E-layer (100-150 km) is affected by the X-ray Ultra-Violet (XUV; 1-100Å). Changes in the Sun's output at these wavelengths, particularly during flares, can drive fluctuations in the ionospheric density, which increases drag on orbiting satellites, disrupts long-wave radio communication and compromises GPS accuracy. The EUV component of radiation emitted during the early stages of solar flares often originates in the chromosphere.
Despite the amazing diagnostic potential currently available to us through instruments such as the EUV Imaging Spectrometer (EIS; Culhane et al. 2007) onboard Hinode ) and the EUV Variability Experiment (EVE; Woods et al. 2005) on the Solar Dynamics Observatory (SDO; Pesnell, Thompson, and Chamberlin 2012) -and previously from the Coronal Diagnostic Spectrometer (CDS; Harrison et al. 1995) and Solar Ultraviolet Measurements of Emitted Radiation (SUMER; Wilhelm et al. 1995) instruments onboard the Solar and Heliospheric Observatory (SOHO) -there are frustratingly few references in recent literature that focus on bona fide spectroscopic EUV observations of the lower solar atmosphere during flares. This is perhaps largely in part due to the difficulties associated with positioning the slit from a rastering spectrometer with a reduced field of view precisely over the footpoints or ribbons during the crucial few minutes of an impulsive phase, or detecting weak chromospheric enhancements against the strong EUV background in full-disk irradiance measurements. A reduced duty cycle is a factor for instruments such as Thermosphere Ionosphere Mesosphere Energetics Dynamics/Solar EUV Experiment (TIMED/SEE; Woods et al. 2004 ) that only made measurements a few times per day, as well as spectrographs such as SERTS (Solar EUV Rocket Telescope and Spectrograph) and EUNIS (EUV Normal Incidence Spectrographs) that flew on sounding rockets and only observed the Sun for a few minutes at most. The few references that are available, however, have gone a long way in increasing our understanding of the dynamic response of the lower solar atmosphere during flares. In doing so, these studies have also highlighted the gaps in our knowledge, and pointed to the questions that can yet be answered by spectroscopic EUV observations, particularly when used in conjunction with those from other instruments at different wavelengths, as well as theoretical modelling. This paper aims to summarise many of the significant findings that have arisen from spectroscopic observations of flare footpoints and ribbons over the past decade or so in addition to raising awareness of the issues that remain to be addressed.
Historical Observations
Impulsive EUV bursts associated with a flare's impulsive phase were first discovered in the late 1960's and early 1970's using (photometric) data from the OSO-III satellite (Hall and Hinteregger 1969, Hall 1971) . These bursts were primarily observed in cool emission lines, such as He II, C II, O V, and Si III. Improved observations by the Harvard College Observatory (HCO) EUV Spectroheliometer on Skylab showed similar bursts at even higher temperatures (e.g., Mg X, Emslie and Noyes 1978) . Around the same time, increases in EUV emission were also being inferred from Sudden Frequency Deviations (a subset of Sudden Ionospheric Disturbances) observations by Donnelly (1969) , Kane and Donnelly (1971) , and Donnelly and Kane (1978) . While these observations were not spectroscopic per se, they were found to be temporally correlated with HXR emission suggesting that the EUV emission was predominantly chromospheric in nature given that the ionosphere is sensitive to emission in the 10-1030Å range, which is dominated by free-bound and line transitions (Emslie, Brown, and Donnelly 1978) .
Observations of the Lyman continuum of hydrogen from the quiet Sun detected by OSO-IV (and later OSO-VI) were first reported by Noyes and Kalkofen (1970) and Vernazza and Noyes (1972) . These data were used to determine the structure of the chromosphere, including temperature, density and opacity, using the Eddington-Barbier relationship. Machado and Noyes (1978) later applied this same technique to a number of solar flares observed using HCO to reveal that the ground level of hydrogen is closer to local thermodynamic equilibrium during flares than in quiescent times, and that the layer at which Lyman continuum is formed during flares is lower in the atmosphere. This has been verified by later studies (Machado et al. 1980) , including what appears to be the only reference in the literature of imaging a flare in the Lyman continuum, which was obtained using the Japanese sounding rocket S520-5CN (Hirayama et al. a Both full EIS CCDs were read out for these events b Footpoints were observed but the flare was not impulsive (i.e. there were no associated hard X-rays) c Not included in the GOES Event List 1985). These findings were also used to determine the mass of the material evaporated into the overlying loops. As the Lyman continuum is formed in the upper chromosphere/lower transition region it is more sensitive to heating from above compared to the Balmer and Paschen continua, which are formed in deeper layers. Despite this feature of Lyman continuum emission as an important flare diagnostic, few other reports of continuum enhancements exist in the literature. Despite this lack of observations, Ding and Schleicher (1997) improved on the method of Machado and Noyes (1978) to include stimulation by nonthermal electrons in anticipation of future observations of these vital emissions. Similar measurements of the Lyman continua of He I (Zirin 1975) and He II (Linsky et al. 1976) were also carried out in the 1970's.
EUV Diagnostics
The introduction of imaging spectrometers such CDS, and its successor EIS, allowed spatially-resolved line profiles to be obtained by stepping a slit across a chosen section of the solar atmosphere, building up a three-dimensional raster (x(t), y, λ). Exposure (and read-out) times were initially quite long (>10s), and so depending upon the chosen field-of-view, a single raster could often take as much as an hour or two to complete. EIS improved upon this with its greater sensitivity and broader temperature coverage, and rasters featuring a breadth of emission lines could be run in minutes making it more ideal for flare studies. For example, on 14 December 2007 EIS observed a simple, isolated C1.1 flare while running a fast-raster (3-4 minute cadence) study that contained over 40 individual emission lines covering the 10 4 -10 7 K temperature range, including several density sensitive line pairs. Figure 1a shows the raster taken during the flare's impulsive phase, clearly showing the two footpoints (in Fe XV in this case) that coincided with the 20-25 keV hard X-ray emission observing by the Ramaty High Energy Solar Spectroscopic Imager (RHESSI; Lin et al. 2002 -orange contours) . Figures 1b, c, and d show the corresponding Doppler velocity, nonthermal velocity and density maps (from Fe XIV line ratios), respectively. The data obtained from this raster showed that material at the footpoints of this flare was hot, evaporating, turbulent, and dense, and EIS is able to do this for multiple lines simultaneously. However, by January 2008 Hinode had lost the use of its X-band transmitter and so the available telemetry was greatly reduced. The findings that resulted from this and other, similar studies (see Table 1 for a list of flares successfully observed by EIS during the impulsive phase to date) are discussed in sections 3.1, 3.2, 3.3, and 3.4, while section 3.5 deals with continuum observations from EVE.
Emission Line Intensities
The intensity of emission lines formed at discreet temperatures can be used to reconstruct a differential emission measure (DEM) profile of the emitting plasma. The DEM is a powerful tool useful for investigating the temperature distribution of the emitting plasma, providing crucial clues to the underlying heating processes. Despite decades of study, there is still no consensus on what the flare DEM profile looks like (e.g., McTiernan, Fisher, and Li 1999) , particularly during the impulsive phase, although significant advances are currently being made using EVE data, along with RHESSI data for the highest temperature emissions Doschek 2013, Caspi, McTiernan, and Warren 2014) . For example, the often-assumed flare DEM used in the CHIANTI atomic database is based on a single observation by Dere and Cook (1979) taken during the decay phase of an M-class flare. However, it is now possible to determine the DEM from a flaring footpoint using spatially-resolved line profiles. The righthand panel of Figure 2 shows a regularised DEM solution from Graham et al. (2013) using the methods of Hannah and Kontar (2012) of a spatially-resolved footpoint from the impulsive phase of the 14 December 2007 flare using data from EIS (Figure 1a) . The colored lines are the EM loci curves (ratio of the data and the temperature response) that define the isothermal (and hence maximum) emission possible at a given temperature. Graham et al. (2013) also used this technique on a number of B-class flares to establish the distribution of temperature at the footpoints. They found the slope of the distribution between log T=5.5-7.0 in each case to be ∼1 (EM(T)∝T), which they concluded was an indication that the layers beneath the electron deposition site were being heated conductively.
By contrast, looking at larger (>M1) events observed by EVE, Kennedy et al. (2013) found a double-peaked DEM (top right hand panel of Figure 3) . Although EVE provides spatially-integrated (Sun-as-a-star) observations, comparison between lightcurves binned by temperature (top left hand panel of Figure 3 ; see Chamberlin, Milligan, and Woods 2012) and associated AIA images revealed emission with temperatures approaching 8 MK to be both co-temporal and cospatial with He II 304Å ribbons during the impulsive phase (bottom panel of Figure 3 ). This implied that EVE spectra taken during this time, and therefore the resultant DEM, would be indicative of predominantly footpoint emission. The reason for the different DEM profiles obtained by Graham et al. (2013) and Kennedy et al. (2013) is unclear, although it may simply be attributed to the two studies focusing on events of very different magnitudes. The nature of the observations may also play a role. While EIS provides spatially resolved line profiles, they are often only for a single time interval when the slit of the spectrometer rasters over the footpoint. EVE, on the other hand, can provide continuous spectra throughout a flare, but with no spatial information. Simultaneous flare observations acquired with both instruments would greatly help in resolving this issue.
Emission Line Shifts
In the context of solar flares, SXR spectroscopy led to the first quantiative measurements of mass flows due to chromospheric evaporation through Doppler shifts of high-temperature line profiles , Antonucci and Dennis 1983 , Canfield et al. 1987 , Doschek et al. 1992 , Doschek, Mariska, and Sakao 1996 . However, these studies often focused on a single, high-temperature line and lacked any spatial information. Line profiles were found to be dominated by a strong stationary component with a blue-wing asymmetry indicative of upflows of several hundred km s −1 . It was thought that the stationary component emanated from the loop tops when flows had ceased or were moving perpendicular to the line of sight, while the blue wing of the line was an indicator of evaporating material at the footpoints (see Doschek and Warren 2005) .The introduction of CDS on SOHO enabled spatially-resolved line profiles to be measured across a range of temperatures, although the sampling was still quite sparse Overlaid are the contours of the associated 94Å emission, which is dominated by Fe XVIII emission (log T = 6.9), and which also aligns with the He II ribbons. From Kennedy et al. (2013) . (Czaykowska et al. 1999 , Teriaca et al. 2003 , Milligan et al. 2006b a, Del Zanna et al. 2006 , Raftery et al. 2009 ). Despite the provision of spatially-resolved line profiles from CDS, the lines still appeared to be dominated by a stationary component in contrast to the predictions of theory (e.g. Li, Emslie, and Mariska 1989) . The use of sit-and-stare observations further allowed flow velocities to be determined as a function of time but at the cost of large uncertainties in the pointing aspect (Brosius 2003 , Brosius and Phillips 2004 , Brosius and Holman 2007 2009 , Brosius 2009 ). EIS now allows spatially-resolved line profiles to be measured using emission lines formed over a broad range of temperatures simultaneously (Milligan and Dennis 2009 , Graham, Fletcher, and Hannah 2011 . Figure 4 shows (Milligan and Dennis 2009 ). This shows a linear relationship between the temperature of the heated plasma and the rate at which it rises (v ∝ T ). The material that was redshifted (chromospheric condensation, driven downward by the overpressure of the evaporated material required to conserve momentum; Canfield et al. 1987) , recoiled at approximately the same speed regardless of temperature and was also observed at much higher temperatures than previously expected from chromospheric evaporation models (up to 1.5 MK). Fisher, Canfield, and McClymont (1985) believed that the temperature at which the Doppler velocity changed from redshifted to blueshifted (dubbed the 'Flow Reversal Point' by Brannon and Longcope 2014) marked the layer of the solar atmosphere at which the electrons deposited the bulk of their energy. From Milligan and Dennis (2009) , this implied that either the electrons lost their energy in the corona (unlikely, due to the low densities involved) or that the chromosphere was being heated as it recoiled. More recent simulations now show that high temperature redshifts are possible if chromospheric heating is sustained (e.g. Liu, Petrosian, and Mariska 2009), rather than by a single burst as assumed by Fisher, Canfield, and McClymont (1985) . Similar findings of hot redshifts have also been made by Milligan (2008) , Chen and Ding (2010) , and Graham, Fletcher, and Hannah (2011) , although the precise 'crossover' temperature varied between 0.5 and 2 MK for different events. In one case presented by Li and Ding (2011) it was found to be as high as 5 MK.
Despite its modest spectral resolution, Hudson et al. (2011) were able to use EVE data to detect redshifted He II emission associated with chromospheric condensation. By measuring Doppler velocities during the impulsive phase relative to those in the decay phase, they found downflows of 10-20 km s −1 , consistent with those from EIS observations. Diminishing blueshifts in the Fe XXIV, as expected from chromospheric evaporation theory, were also detected throughout the main phase of the same events, although, as with the He II velocities, the authors correctly advised caution when attempting to derive the absolute magnitude of the flows. Many lines in the EVE data are likely to be significantly blended, and the lack of spatial information introduces line-of-sight effects due to flare location and loop geometry.
The issue of whether the stationary or blueshifted component should dominate the high-temperature ( 10 MK) line profiles is still an open question, with different studies promoting either case: Milligan and Dennis (2009) and Li and Ding (2011) both found stationary emission to dominate, while Watanabe et al. (2010) and Young et al. (2013) found the lines to be completely blueshifted. In one particularly complex flare, Doschek, Warren, and Young (2013) found both scenarios to occur at different locations along the ribbons. It may be the case that current instrumentation does not have high enough spatial resolution to resolve the evaporation flows as they commence before they become 'diluted' with coronal material. New observations of Fe XXI emission (1354.1Å) from IRIS may help address this issue (see Young, Tian, and Jaeggli 2014).
Emission Line Widths
The width of spectral emission lines contains important information on the temperature and turbulence of the emitting plasma. Line width is generally made up of at least three components: the intrinsic instrumental resolution, the thermal Doppler width, and any excess (nonthermal) broadening, which may be an indicator of possible turbulence, or pressure or opacity broadening. Many studies have reported excess SXR line broadening over and above that expected from thermal emission during a flare's impulsive phase indicating possible turbulent motion , Gabriel et al. 1981 , Antonucci et al. 1982 ) although these emissions were integrated over the entire solar disk.
Milligan (2011) presented a detailed investigation into the nature of spatiallyresolved line broadening of EUV emission lines during the impulsive phase of the 14 December 2007 flare using EIS thanks to its superior spectral and spatial resolution. Line profiles, co-spatial with HXR emission observed by RHESSI, were found to be broadened beyond their thermal widths (Figure 1c ). Using techniques similar to those used to establish the nature of line broadening in quiescent active region spectra , Bryans, Young, and Doschek 2010 , Peter 2010 , it was found that a strong correlation existed between Doppler velocity and nonthermal velocity for the Fe XV and Fe XVI lines at one of the footpoints. This suggested that the line broadening at these temperatures was a signature of unresolved plasma flows along the line of sight during the process of chromospheric evaporation. Analysis of Fe XIV lines on the other hand, which showed no conclusive correlation between Doppler and nonthermal velocities, showed a stronger correlation between electron density and nonthermal width ( Figure 5 ) suggesting that the excess line broadening at these temperatures may have been due to opacity or pressure broadening as emitted photons were scattered along the line of sight. However, estimating the opacity of the emission, τ 0 , using:
where λ is the wavelength of the line, f ij is the oscillator strength, M is the mass of the ion, n F eXIV /n F e is the ionisation fraction, and n F e /n H is the abundance of iron relative to hydrogen, and the amount of pressure broadening, ∆λ, using:
where t 0 is the timescale of the emitting photon, σ is the cross-sectional area, v th is the thermal velocity, and N e is the electron density (from Bloomfield et al. 2002 and Christian et al. 2006) , suggested that the amount of excess broadening should have been negligible in each case. Perhaps the assumptions made in solving Equations 1 and 2 were incorrect (e.g. lines were not formed in ionization equilibrium), or the broadening was due to a culmination of different effects, or perhaps it was due to a different mechanism altogether not considered (e.g. Stark broadening). Perhaps larger, more energetic events, or density diagnostics of higher (or lower) temperature plasmas, will show these effects to be more substantial. Brosius (2013b) found nonthermal velocities derived from the width of Mg VI, Si VII, Fe XIV, Fe XVI, and Fe XXIII emission lines increased by a factor of ∼3 compared to quiet-Sun widths at the site of a flare ribbon using sitand-stare observations. This was assumed to be an indicator of turbulent motion associated with chromospheric evaporation. Line broadening can not only reveal important information with regard to the heating processes during flares but can also be a crucial diagnostic of the fundamental atomic physics (abundances, Milligan (2011) . Bottom: Column emission measure maps generated by combining data from the top two panels. Taken from Graham et al. (2013) .
ionisation fractions, etc.) and must therefore be a component of future flare modelling.
Emission Line Ratios
Values of the electron density of a given plasma can be found by taking the ratio of the flux of two emission lines from the same ionization stage when one of the lines is derived from a metastable transition, for example in active regions (Gallagher et al. 2001 , Milligan et al. 2005 ), jets (Chifor et al. 2008) , and flare loops (Milligan et al. 2012b were found, indicating enhancements of 2-3 orders of magnitude above quiescent active region levels. A recent follow-up study by Graham, Fletcher, and Labrosse (2014) found density values approaching 10 12 cm −3 using O V lines for the same event. Graham, Fletcher, and Hannah (2011) also found comparable values from Fe XII, Fe XIII, and Fe XIV ratios at the location of the ribbons during a C6.6 flare (see also Del Zanna et al. 2011) . It was found that density enhancements were only visible in lines formed above ∼1 MK as cooler lines are formed deeper in the solar atmosphere where densities are already high (Figure 1d and top left hand panels in Figure 6 ). Sit-and-stare EIS observations from Brosius (2013b) also revealed a rapid increase in electron density of an order of magnitude using an Fe XIV line pair, but this increase appeared to be independent of the corresponding upflow velocity as would expected in a beamheated chromosphere scenario; the density (and intensity) enhancements ceased while blueshifts persisted, which the author stipulates as evidence for magnetic reconnection in the chromosphere as opposed to heating from above. However, care must be taken when interpreting observations from single slit measurements as pointing accuracy and co-alignment with context images can be ambiguous.
Using the values derived for the electron densities, it is possible to compute the column depth of the emitting material at the formation temperature of the lines. Given that the intensity of a given emission line, I, can be expressed as:
where G(T, N e ) is the contribution function for a given line, N e is the electron number density and h is the column depth. By approximating the contribution function as a delta function at T max and assuming that the density is constant across each pixel, Equation 3 can be written as:
The eis density.pro routines calculates G 0 for a given electron density which allows the value of h to be derived for each pixel within a raster for which the density is known (see Young 2011 for more details). The top right hand panels of Figure 6 show the five column depth maps (in arcseconds) generated from the corresponding density maps from the 14 December 2007 flare (top left). Unsurprisingly, the spatial distribution of column depth closely resembles that of the density distributions, with footpoint emission exhibiting smaller column depths than the surrounding active region; less than 15 ′′ in most cases, and as little as 0.01 ′′ in some pixels. Following from Milligan (2011), Graham et al. (2013) combined the electron density and column depth measurements to estimate the column emission measure (EM col ) for a given line at a footpoint, given that EM col = N 2 e dh. The bottom five panels in Figure 6 show the column emission measure maps for the impulsive phase of the 14 December 2007 event. It can be seen in each of the five rasters that higher column emission measures were found at the footpoints compared to the surrounding active region, even in the Mg VII and Si X lines which showed no discernible density enhancements. It is also worth noting that the value of the footpoint column emission measure at 1-2 MK of ∼10 28 cm −5 using this technique are comparible to those found using the regularized inversion method described by (Hannah and Kontar 2012 ; right hand panel of Figure 2 ).
Continuum Emission
Simulations by Allred et al. (2005) using the RADYN code of Carlsson and Stein (1994; , which models the chromospheric response to both electron beam heating and backwarming from XEUV (X-ray and EUV) photons, suggested that chromospheric emission is energetically dominated by recombination (free-bound) continua, in particular, the Lyman, Balmer, and Paschen continua of hydrogen, and the He I and He II continua, as opposed to line (bound-bound) emission. However, definitive observations of free-bound emission during solar flares have been scarce in recent years as many modern space-based instruments do not have the sensitivity, wavelength coverage, or duty cycle required to capture unambiguous continuum enhancements during flares. One exception was a serendipitous detection of increased Lyman continuum (∼70% at 910Å) during an X-class flare via scattered light in the SUMER instrument onboard SOHO reported by Lemaire et al. (2004) . There was also an analogous case in stella flare spectra obtained from the Extreme Ultra-Violet Explorer (EUVE) mission by Christian et al. (2003) . Tentative evidence for increased He I continuum emission was also found. Time-resolved measurements of the recombination continua of H and He have now been unambiguously observed during solar flares (Milligan et al. 2012a; . The MEGS-B component of the EVE instrument, which covers the 370-1050Å range (top panel of Figure 7 ), includes the Lyman continuum of H I and He I with recombination edges at 912Å and 504Å, respectively. Using a variety of fitting techniques the time profiles of these emissions during flares were found to be impulsive (bottom panels of Figure 7 ), peaking in concert with the associated HXR emission. This suggested that the increase in continuum emission is due to recombination with free electrons that were ionised due to chromospheric heating by nonthermal electrons. MEGS-A (currently not functioning due to a power anomaly that occurred on 26 May 2014) also observed the He II continuum with a recombination edge at 228Å, but it is inherently weak and only observed during the largest events. It also competes with the underlying free-free continuum, as well as numerous emission lines, adding to the complexity of fitting it and deriving physically meaningful parameters. By integrating under the lightcurves displayed in the bottom right panel of Figure 7 , Milligan et al. (2014) found that the Lyman and He I continua contained ∼1% and ∼0.1%, respectively, of the total nonthermal electron energy as deduced from RHESSI observations during the X2.2 flare that occurred on 15 February 2011. By comparison the Lyα and He II 304Å lines radiated away significantly more energy (∼6% and ∼2%, respectively) in contrast to the predictions of Allred et al. (2005) . Although energetically very weak, these continua serve as powerful diagnostic tools for determining the depth in the solar atmosphere at which they are formed. Following from Machado and Noyes (1978) , Ding and Schleicher (1997) stated that the temperature of the continuum (relative to a blackbody) can be ascertained using:
where the departure coefficient, b 1 , is given by:
Rearranging gives:
Preliminary findings from Fletcher & Milligan (2014) suggest that the Lyman continuum may be formed at lower temperatures, and therefore deeper in the solar atmosphere, than during quiescent times. This would be in agreement with previous studies that suggest that the chromosphere/transition region shifts to lower altitudes during the flaring process (Machado et al. 1980) . EVE measurements of flare-related increases in Lyman continuum emission carried out in conjunction with observations in the Balmer and Paschen continua as recently reported by Heinzel and Kleint (2014) and Kerr and Fletcher (2014) , respectively, would greatly advance our knowledge of the distribution of energy throughout the lower solar atmosphere, as well as the dominant emission mechanism, particularly when compared to radiative hydrodynamic simulations such as those from Allred et al. (2005) .
Concluding Remarks
EUV spectroscopy has advanced considerably over the past 50 years. However, its application to flares, particularly at footpoints and ribbons during the impulsive phase, has been somewhat lacking given the diagnostic potential available. The studies referenced in this paper highlight the capabilities (and limitations) of our current spectrometers, and the scientific accomplishments that have been achieved. (For other reviews on chromospheric flares, see Hudson 2007 , Fletcher 2012 , and Fletcher and Simoes 2013 However, many of these works have been carried out in isolation, or perhaps in conjunction with imaging data for context information. I believe that the greatest advances will be made by combining datasets from both EIS and EVE with those from other instruments such as SDO/AIA, RHESSI, IRIS, and groundbased facilities like those at the Dunn Solar Telescope (DST). On 29 March 2014, an X1.0 flare was observed by all of these instruments making it one of the best observed flares ever, and which will no doubt yield some interesting results as well as validating the advantage of coordinated observations. October 2014 also saw a hugely successful coordinated observing campaign carried out by the Max Millennium Program for Solar Flare Research 2 in support of service mode observations at the DST in anticipation of how flare observations will be run at the Daniel K. Inoue Solar Telescope (formally Advanced Technologies Solar Telescope), with support from RHESSI, SDO/EVE MEGS-B, IRIS, and all three Hinode instruments. Such multiwavelength campaigns should be highly encouraged.
As we enter the declining phase of Solar Cycle 24, the opportunities for coordinated campaigns may be somewhat limited. However, both EIS and EVE have several years of data waiting to be explored and exploited. This will help us move away from looking at individual events and begin investigating the collective properties of a statistically significant number of events. EVE data may also permit a comparison between flares in solar and stellar atmospheres by looking at analogous events observed by EUVE, for example, which covered a similar spectral range. But perhaps the most meaningful collaborations will be those that attempt to model the observed EUV features and their derived parameters through numerical simulations. Many current models are now capable of recreating atmospheric conditions such as temperature and density, as well as optically thin emission lines themselves, in response to an injection of energy (e.g. Bradshaw and Mason 2003 , Klimchuk, Patsourakos, and Cargill 2008 , Liu, Petrosian, and Mariska 2009 , Kašparová et al. 2009 ). This injection can, and should, be based on nonthermal electron parameters derived from RHESSI (or Fermi) data with the model output being directly compared with solar observations. Any serious discrepancies between predictions and reality may mean considering other forms of energy transport, such as thermal conduction (Brannon and Longcope 2014) or Alfvén waves (Russell and Fletcher 2013) . Modelling optically thick emission adds another layer of complexity in the form of solving the equations of radiative transfer (Allred et al. 2005) . Ultimately, a comparison between the outputs of chromospheric heating models and the corresponding EUV observations -based on a common energy input -is needed to gain a greater insight into the driving mechanism behind enhanced flare emission, at all wavelengths, in the lower solar atmosphere.
Future Prospects
The continued operation of EIS and EVE into the decay of Solar Cycle 24 promises that more interesting discoveries lie ahead. In the longer term, EUV spectroscopy remains a high priority for future missions. The current plan for Solar-C (the successor to Hinode) features an imaging spectrometer similar to EIS called the EUV Spectroscopic Telescope (EUVST). By performing spectral analysis of emission lines, EUVST will measure the velocity, temperature, and density of solar plasmas. It will have more than 5 times the spatial resolution and 10 times the throughput of the currently operational spectrometers, and will be able to observe over a wide wavelength range (170 to 1280Å), seamlessly covering the transition region from the chromosphere to the coronal and extend to flare temperatures. A high throughput performance will enable spectroscopic observations with short exposure times of around 1 s, so that it can reliably capture the rapid temporal fluctuations of magnetic structures and waves resulting from magnetic reconnection, jets, and photospheric motions. Solar Orbiter, due to launch in 2018, will comprise the Spectral Imaging of the Coronal Environment (SPICE) instrument, an EUV imaging spectrograph designed to observe both on the solar disk and out in the corona to remotely characterise plasma properties at and near the Sun. Specific scientific topics to be addressed by SPICE include studies of solar wind origin by matching in-situ composition signatures in solar wind streams to surface feature composition; studies of the physical processes that inject material from closed structures into solar wind streams; and studies of SEP source regions by imaging remotely the suprathermal ions thought to be seed populations of SEPs. The SPICE observing strategy is to produce 2D spectroheliograms of selected line profiles and line intensities. Like EUVST, the selected lines represent the full range of temperatures and heights in the solar atmosphere, from the chromosphere to the flaring corona.
